Diabetic complications may in part be due to inflammation. Diabetes can also develop in non-obese people. Nonetheless, organ inflammation in non-obese type 2 diabetes mellitus animals has never been investigated. The GotoKakizaki rats were divided into two groups: diabetes and diabetes treated with metformin. The glycemia parameters were then determined. Serum and internal organs, including the liver, kidney, and brain were collected to determine the levels of inflammatory cytokine and mRNA expression. The research found an increase in interleukin-6 (IL-6) and IL-1β cytokine levels in the liver of the diabetic group, which corresponds with the mRNA expression of both cytokines. The metformin group significantly reduces the mRNA expression of liver IL-6. In the kidney, there was an increase in IL-6 cytokine levels in the diabetic group, while the metformin group could reduce the mRNA expression level of tumor necrosis factor α (TNF-α). In addition, there were IL-6 and TNF-α cytokines level increased in the brain of the diabetic group. IL-1β mRNA expression levels increased in the diabetic group and were reduced by the metformin treatment. The metformin treatment reduced serum TNF-α cytokines. In summary, this study demonstrated that internal organ inflammation in non-obese diabetic rats, which could provide evidence for organ inflammation, may potentially explain diabetic complications.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the most abundant type of DM, which is estimated to account for approximately 90% of diabetic patients, with the remainder being made up of DM type 1 (American Diabetes Association, 2016; DeFronzo et al., 2015) . In 2003, there were a reported 382 million people in the world with T2DM across all ages and this is predicted to reach 591 million by 2035. This is a 55% increase between 2003 and 2035, making DM a major global health problem (Akash et al., 2013; DeFronzo et al., 2015) .
T2DM is a disease caused either by insulin resistance or impaired insulin secretion, or a combination of the two (DeFronzo et al., 2015) . These lead to limited cellular glucose uptake, which could be due to phosphorylation of serine residue of the insulin receptor substrate (IRS) instead of a tyrosine residue (DeFronzo et al., 2015) . This reduces glucose transporter type 4 translocation to cell membranes, and hence reduces glucose uptake (DeFronzo et al., 2015) , causing glucose to remain at high levels in the blood, known as "hyperglycemia." Hyperglycemia contributes to both microvascular and macrovascular complications, such as atherosclerosis, retinopathy, nephropathy, and neuropathy, which can be activated through inflammation and elevated inflammatory responses (Martín-Timón et al., 2014) . Previous studies have shown that elevated inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α), were found in hyperglycemic animal model and patients (Barma et al., 2011; Goyal et al., 2008; Stumvoll et al., 2005; Wellen and Hotamisligil, 2005) . Moreover, it has been reported that various inflammatory cytokines levels increased in T2DM, especially TNF-α, IL-1, IL-6, and IL-1β (DeFronzo et al., 2015) . These inflammatory cytokines bind to TNF receptors or Tolllike receptor-4 and induce serine phosphorylation of a family of IRS (DeFronzo et al., 2015) . This evidence suggests that hyperglycemia may activate inflammation.
T2DM is commonly associated with obesity, which is determined by a body mass index of greater than 25 kg/m 2 (DeFronzo et al., 2015; Kashima et al., 2015; Seshadri, 2013; Vaag and Lund, 2007) . However, T2DM is not only observed in obese populations but is also prevalent in non-obese populations (Kashima et al., 2015; Seshadri, 2013; Vaag and Lund, 2007) . Non-obese type 2 diabetic groups have a similar risk for diabetic complications as obese diabetic patients (Kashima et al., 2015) . Moreover, plasma inflammatory cytokine levels in non-obese T2DM groups, such as IL-6, TNF-α, and IL-1β are elevated similarly to obese groups (Goyal et al., 2012) . However, most reports present only the correlation of plasma inflammatory cytokine levels and hyperglycemic parameters, but not in organs or tissues, where the actual inflammatory effect could be a cause of complications in those organs (Fong et al., 2004) . Therefore, internal organ inflammation, particularly in nonobese T2DM patients, needs to be of concern and studied to attempt to understand the pathology that is closely related to Asian diabetic populations (Ehses et al., 2009; Hong et al., 2016) .
Therefore, this study aims to evaluate inflammatory cytokines levels and their expression in various internal organs, including in the brain, kidney, and liver of non-obese T2DM rat models [Goto-Kakizaki (GK)].
MATERIALS AND METHODS

Animal model
The animal experiments in this study were conducted according to the Guidance on the Operation of the Animals (Scientific Procedures) Act 1986 and the World Health Organization Guidelines for Breeding and Care of Laboratory Animals. All the protocols were approved by the committee of the Centre for Animal Research, Naresuan University, NU AE581023. All procedures were designed to minimize the pain, suffering, and distress of the animals involved.
Four-week-old adult male GK and Wistar rats were purchased from Nomura Siam International, Bangkok in Thailand. The number of animals used in this study was calculated from "Program R" software. The results from the calculation of the animal in each group were at least six. In this study, the n number of 7 was used. They were maintained in an environmentally control condition (22°C ± 1°C, 12 hours light/12 hours dark cycle) at the Centre for Animal Research, Naresuan University, Phitsanulok in Thailand. The weight of the animal models was monitored weekly. The glycemic parameters of the GK rat models, including their fasting blood glucose (FBG), hemoglobin A1c (HbA1c), and oral glucose tolerance test (OGTT) were performed once they were 7 weeks old to confirm the diabetic development prior to the treatment. At 14 weeks old, the animals were divided into three groups, including Wistar rats as a control group, untreated diabetic GK rats, and diabetic GK rats treated with metformin. In the metformin-treated group, the GK rats were treated with 15 mg/kg Glucophage ® (Merck company, Germany) for 4 weeks. The glycemic parameter determination of the animal models was performed at several periods, including the baseline parameters at 14 weeks old and after the metformin treatment at 18 weeks old.
Internal organ isolation and serum collection
The GK rats were anesthetized by a 100 µg/kg pentobarbital injection with 150 units of heparin. The surgery area on the animals was cleaned with 70% ethanol or betadine solution. The skin was then pulled up and cut to open the chest. The internal organs, including the liver, kidney, and brain were collected in 1.5 ml RNase-free microcentrifuge tubes and immediately stored in liquid nitrogen. The blood was rapidly collected from the animals' abdominal cavity into a Becton Dickinson company (BD) Vacutainer ® after the thoracotomy. The collected blood was centrifuged at 3,000 × g for 10 minutes at 4°C, followed by serum collection which was then stored in liquid nitrogen until analysis.
Isolation of RNA and real-time polymerase chain reaction (PCR)
Total RNA was isolated from the frozen tissues using Arum™ Total RNA Mini Kit (BIO-RAD). For each sample, reverse transcription was performed with 3 µg of total RNA using the Tetra cDNA Synthesis kit Bio line ® . Real-time PCR amplification was performed using SensiFAST™ SYBR ® No-ROX Kit on aC1000 Touch™ Thermal Cycler Bio-Rad ® with specific primers for IL-6, IL-1β, and TNF-α (Langnaese et al., 2008; Paz et al., 2003; Peinnequin et al., 2004) . Relative gene expression was analyzed. Differences of cycle threshold number (C T ) were calculated by normalizing the sample cycle threshold of the target gene with that of the internal control reference gene glyceraldehyde-3-phosephate dehydrogenase. The ∆∆ C T method was used to determine the relative abundance of expression using the Bio-Rad ® CFX Manager™ 3.1 software.
Tissue homogenization
The frozen tissues were thawed and homogenized in a lysis buffer containing 20 mM Tris HCl (pH 6.8), 1 mM Na 3 VO 4 , and 5 mM NaF. The lysis buffer was mixed with the frozen tissue by adding 100 µl lysis buffer per 100 mg of frozen tissue. The tissue was then homogenized using a pestle and mortar. The tissue homogenate was centrifuged at 14,000 × g for 10 minutes at 4°C. The supernatant was collected into the Diethyl pyrocarbonate treated-H 2 O microcentrifuge tube.
Bradford assay
Fifty microliters of the protein samples was added into 2.5 ml of Bradford reagent (BIO-RAD, USA) and incubated at room temperature for at least 5 minutes. The sample absorbance was measured using a spectrophotometer at 595 nm. The protein concentration was determined using bovine serum albumin as a standard. The determined protein concentration was used to calculate and normalize the amount of protein used in the enzymelinked immunosorbent assay (ELISA) method at 100 μg/ml.
Enzyme-linked immunosorbent assay
Determination of the inflammatory cytokines level by ELISA was performed using an 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) ELISA Buffer Kit, Prepotech ® . The ELISA reagents were prepared at room temperature by gentle mixing. First, the pre-coated 96-well plate was prepared by adding 100 μl of 1 μg/ml capture antibody to each well, which was then incubated overnight at room temperature. The following day, the plate was inverted to remove the liquid and blot the paper towel. After that, the plate was washed four times using 200 μl of washing buffer solution. Two-hundred microliters of the blocking solution was added into the well and then incubated for 1 hour. The plates were washed for four times again with washing buffer solution. Ten micrograms of tissue homogenates was added into the wells and incubated at room temperature for at least 2 hours. The plate was washed again and 100 μl of detection antibody was added and then incubated at room temperature for 2 hours. The plate was then washed again and 100 μl of Avidin-Horseradish peroxidase conjugated 1:2,000 was added and incubated at room temperature for 30 minutes. Then, the plate was washed and 100 μl of ABTS liquid substrate was added into the wells and incubated at room temperature for color development. The sample absorbance was measured using a spectrophotometer at 405 nm with the wavelength correction set at 650 nm.
Statistical analysis
Data were presented in the mean ± standard error of mean (SEM) and analyzed using Graph Pad Prism 5.0. The difference of the mean in each group was analyzed by analysis of variance or t-test. The p value < 0.05 was considered to be statistically significant.
RESULTS
Confirmation of non-obese diabetic model of Goto-Kakizaki rats
Several glycemic parameters were performed to ensure that the lean type 2 diabetic animal model was valid for study.
Confirmation of the non-obese or lean animal model was done by measuring their body weight and the growth rate at 7, 14, and 18 weeks old. The results show that the body weight of the Wistar rat group was significantly higher than the GK rats at 7, 14, and 18 weeks old (178.2 ± 4.0, 421.7 ± 15.9, 451.9 ± 15.9 vs 141.2 ± 4.1, 295.9 ± 3.2, 308.6 ± 3.9, p < 0.05) (Fig. 1A) . The glycemic parameters of the animal models were then measured, which included the FBG level and the percentage of HbA1c. The results reveal that the FBG level of the GK rats before treatment (at baseline) was significantly higher than the Wistar rats (132.4 ± 2.69 ng/dl vs 84.00 ± 4.50 ng/dl, p < 0.05) (Fig. 1B) . The results show that the percentage of HbA1c of the GK rats before treatment (at baseline) were significantly higher than the Wistar rats (6.600 ± 0.09030 vs 4.120 ± 0.03887) (Fig. 1C) . The OGTT results show that the plasma glucose level 2 hours after the intake of glucose was significantly higher in the GK rats compared to the Wistar rats (281.5 ± 6.179 vs 114.1 ± 5.86, p < 0.05) (Fig. 1D) .
Metformin reduced fasting blood glucose level and the percentage of HbA1c in non-obese T2DM rats
We found that FBG levels significantly decreased after 4 weeks of the metformin treatment when compared to the FBG levels before treatment (126.7 ± 2.802 ng/dl vs 176.3 ± 11.64 ng/ dl, p < 0.05) ( Fig. 2A) . Similar to FBG, the percentage of HbA1c in the GK rats also significantly decreased compared to the Wistar rat group (5.508 ± 0.1098 vs 6.600 ± 0.09030, p < 0.05) (Fig. 2B) .
Non-obese diabetes increased TNF-α cytokines level in serum
The inflammatory cytokines level in serum was measured by ELISA. The results show that there was no significant difference of the IL-6 level from serum between the three groups (control = 120.9 ± 19.47 ng/ml, diabetic = 102.0 ± 4.88 ng/ml, and diabetic treated with metformin = 94.32 ± 3.63 ng/ml, p > 0.05) (Fig. 3A) . The serum TNF-α level of the diabetic group was significantly higher when compared to control group (208 ± 28.51 ng/ml vs 290.4 ± 19.56 ng/ml, p < 0.05) (Fig. 3B) . Moreover, the TNF-α level in the diabetic group treated with metformin was significantly lower than that of the diabetic group (290.4 ± 19.56 ng/ml vs 177 ± 30.32 ng/ml, p < 0.05) (Fig. 3B) . The serum IL-1β level in the three groups was not significantly different (control = 125.8 ± 25.78 ng/ml, diabetic = 103.7 ± 6.40 ng/ml, and diabetic treated with metformin = 94.93 ± 14.51 ng/ml, p > 0.05) (Fig. 3C) .
Non-obese diabetes increased IL-6 and IL-1β cytokines levels and their expression in the liver
The level of inflammatory cytokines and their expression in the liver were determined. The results show that the level of IL-6 from liver tissue extracts of the diabetic group was significantly higher than that of the control group (133.2 ± 11.60 ng/ml vs 172 ± 10.84 ng/ml, p < 0.05). However, metformin treatment was unable to reduce the level of liver IL-6 (Fig. 4A ). The relative mRNA expression level of IL-6 in the diabetic group was significantly higher than that of the control group (0.4807 ± 0.018 vs 1.865 ± 0.35, p < 0.05) (Fig. 4D) . Moreover, metformin treatment may significantly reduce IL-6 mRNA expression (1.865 ± 0.35 vs 0.9852 ± 0.08, p < 0.05) (Fig. 4D) .
There was no significant difference between the TNF-α levels from the liver tissue extracts in the three groups (control = 85.53 ± 8.12 ng/ml, diabetic = 78.72 ± 8.11 ng/ml, and diabetic treated with metformin = 80.79 ± 10.36 ng/ml, p > 0.05) (Fig. 4B) . Metformin treatment was unable to reduce the relative mRNA expression level of TNF-α in the three groups (control = 0.93 ± 0.47, diabetic = 1.58 ± 0.17, and diabetic treated with metformin = 1.213 ± 0.27, p < 0.05) (Fig. 4E ).
In addition, the level of IL-1β from the liver tissue extract of the diabetic group was significantly higher than in the control group (111.72 ± 2.816 ng/ml vs 312 ± 28.99 ng/ ml, p < 0.05). However, metformin treatment could not reduce the level of liver IL-1β (Fig. 4C ). Similar to the cytokine level, the IL-1β relative mRNA expression level was significantly higher than in the control group (0.7284 ± 0.01 vs 1.134 ± 0.17, The serum inflammatory cytokines level in the control group, diabetic group (DM), and diabetic group treated with metformin for 4 weeks (DM + metformin) (*p < 0.05 is significant between the control group and diabetes group) (#p < 0.05 is significant between the DM group and metformin group). (Fig. 3A-C) . The liver mRNA inflammatory cytokines level in the control group, diabetic group (DM), and diabetic group treated with metformin for 4 weeks (DM + metformin) (Fig. 3D-F ) (*p < 0.05 is significant between the control group and diabetes group) (#p < 0.05 is significant between the diabetes group and metformin group).
Figure 5. The kidney inflammatory cytokines level in the control group, diabetic group (DM), and diabetic group treated with metformin for 4 weeks (DM + metformin) (Fig. 4A-C) . Inflammatory cytokines mRNA level after treatment for 4 weeks in kidney (*p < 0.05 is significant between the control group and diabetes group) (Fig. 4D-F) . p < 0.05) (Fig. 4F ), which is also not different when treated with metformin (0.98 ± 0.08, p < 0.05) (Fig. 4F) .
Non-obese diabetes only increased kidney IL-6 cytokines levels
The level of inflammatory cytokines and their expression in the kidney were determined. The kidney inflammatory cytokine level results were similar to the findings from the liver. The IL-6 level of the diabetic group was significantly higher than the control group (diabetes = 152.5 ± 10.83 ng/ml, control = 92.84 ± 20.73 ng/ ml) (Fig. 5A) . The mRNA expression of inflammatory cytokines was also measured in the kidney, with the results showing that there was no significant difference in the mRNA expression level of IL-6 between the three groups (control = 1.017 ± 0.10, diabetic = 1.035 ± 0.04, and diabetic treated with metformin = 0.871 ± 0.11, p < 0.05) (Fig. 5D) .
There was no significant difference between the TNF-α levels from the kidney tissue extracts between the three groups (control = 127.7 ± 46.87 ng/ml, diabetic = 140.5 ± 19.23 ng/ ml, and diabetic treated with metformin = 160.2 ± 25.36 ng/ml, p > 0.05) (Fig. 5B) . The mRNA expression level of TNF-α was not significantly different in the control group compared to the diabetic group (control = 1.473 ± 0.14, diabetic = 1.533 ± 0.08, p < 0.05). However, the TNF-α mRNA expression level of the metformin treated diabetic group was significantly lower than the control group (diabetic = 0.45 ± 0.16, control = 1.533 ± 0.08, p < 0.05) (Fig. 5E ).
In addition, the level of IL-1β from the kidney tissue extracts of the diabetic group was also not significantly different when compared to control group and the metformin treated diabetic group (control = 166.8 ± 15.36 ng/ml, diabetic = 196.2 ± 22.44 ng/ ml, and diabetic treated with metformin = 170.9 ± 20.86 ng/ml, p > 0.05) (Fig. 5C ). There was no significant difference to the mRNA expression level of IL-1β between the three groups (control = 1.00 ± 0.01 ng/ml, diabetic = 1.127 ± 0.07 ng/ml, and diabetic treated with metformin = 0.955 ± 0.13, p < 0.05) (Fig. 5F ).
Non-obese diabetes increased IL-6 and TNF-α cytokines levels and their expression in the brain
The level of inflammatory cytokines and their expression in the brain were determined. Measurement of the levels of inflammatory cytokines for each group was performed after 4 weeks. The results show that the IL-6 levels of the diabetic group were significantly higher than the control group (diabetic = 173.6 ± 14.6 ng/ml, control = 118 ± 7.4 ng/ml, p<0.05) (Fig. 6A and B) . Meanwhile, the IL-6 levels of the diabetic treated with metformin group were not significantly lower than the diabetic group (diabetic treated with metformin = 148.6 ± 11.9 ng/ml) (p > 0.05) (Fig. 6A) . There was no significant difference of the IL-6 mRNA expression level between the three groups (control = 0.901 ± 0.11, diabetic = 1.716 ± 0.56, and diabetic treated with metformin = 1.313 ± 1.05, p > 0.05) (Fig. 6D ).
The TNF-α level from the brain was significantly higher than that of the control group (diabetic = 290.4 ± 19.5 ng/ml, control = 190.1 ± 47.7 ng/ml) (Fig. 6B) . The TNF-α levels in the diabetic treated with metformin group was significantly lower than the diabetic group (diabetic treated with metformin = 167.2 ± 37.8 ng/ml, diabetic = 290.4 ± 19.5 ng/ml, p < 0.05) (Fig. 6B) . Similar to IL-6, there was also no significant difference between (Fig. 5A-C) . Inflammatory cytokines mRNA level after treatment for 4 weeks in brain (*p < 0.05 is significant between the control group and diabetes group) (#p < 0.05 is significant between the diabetes group and metformin group) (Fig. 5D-F) .
the TNF-α mRNA expression levels in the three groups (control = 1.00 ± 0.04, diabetic = 0.916 ± 0.09, and diabetic treated with metformin = 1.027 ± 0.47, p > 0.05) (Fig. 6E) .
The level of IL-1β in the brain tissue extracts from the three groups was not significantly different (control = 307.4 ± 32.9 ng/ml, diabetic = 313.7 ± 14.1 ng/ml, and diabetic treated with metformin = 286.0 ± 43.4 ng/ml, p > 0.05) (Fig. 6C) . The IL-1β mRNA expression levels of the diabetic group were significantly higher than that of the control group (diabetic = 1.91 ± 0.488, control = 0.85 ± 0.09, p < 0.05). In addition, the IL-1β mRNA expression levels in the diabetic treated with metformin group were significantly lower than the diabetic group (diabetic treated with metformin = 0.241 ± 0.03, diabetic = 1.91 ± 0.488, p < 0.05) (Fig. 6F) .
DISCUSSION
In this study, spontaneous non-obese type 2 diabetes (T2DM) in GK rats was used as an animal model of lean T2DM. The glycemic parameters performed at 14 weeks old to create "diabetic-like model" using human diagnostic criteria from the American Diabetes Association's 2017 guidelines (American Diabetes Association, 1978) . In addition, the growth rate of the GK rats was evaluated and compared with the Wistar rats when they were 14 and 18 weeks old. The findings show that glycemic parameters, including fasting blood glucose (FBG), OGTT, and HbA1c confirmed that the GK rats expressed the phenotype of the "type 2 diabetic-like" model. Moreover, the results from the growth rate analysis confirmed that the model used in this study expressed phenotype of the non-obese (lean) diabetic-like model.
Metformin is an anti-diabetic drug that is prescribed all over the world. Treatment with metformin has shown significant reductions in glycemic parameters, FBG, and %HbA1c. Previous studies suggest that metformin could lower FBG level by reducing the rate of hepatic gluconeogenesis and improve insulin sensitivity, which is also found in the current study (Hundal et al., 2000; Ou et al., 2006) . Previous research using a GK rat model has reported that metformin also decreased blood glucose levels after 4 weeks of treatment, with dosage relative to body weight, such as 100 mg/kg of body weight, or twice daily treatments of 60 mg/kg body weight of metformin (Inouye et al., 2014; Sena et al., 2011) . Therefore, metformin has also been found to decrease blood glucose levels in humans and animal models. The dosage used in this study was 15 mg/kg body weight, which is lower than previous studies (Sena et al., 2011) , but was the same dosage that provided cardioprotection as reported by Apaijai et al. (2012) .
Hyperglycemia is an important risk factor of diabetic complications. It has been reported that prolonged hyperglycemia and the excessive production of advanced glycation end products could activate NF-κβ, which is a predominant signaling molecule regulating inflammatory cytokines expression (Shoelson et al., 2006) . Moreover, hyperglycemia could induce oxidative stress by increasing reactive oxygen species production. This could lead to activation of NF-κβ and release inflammatory cytokines such as TNF-α (Busik et al., 2008) . Inflammation was reported to be involved in the development of diabetic complications. Calle and Fernandez (2012) reported that the inflammatory response in diabetic patients was a result of an overload of adipose tissue and glucose. The inflammatory cytokine was produced by adipose tissue activating the inflammatory response via the NF-κβ signaling pathway, in the same way as the hyperglycemic condition (Calle and Fernandez, 2012) . Xue et al. (2011) reported that the adipose tissue weight of GK rats was lower than Wistar rats, which may imply that the inflammation in GK rats could potentially not be a result of adipose tissue inflammation, but may partially be due to hyperglycemia. The major findings from the present study show that inflammation in the diabetic group occurred in various internal organs as a result of increasing level of inflammatory cytokines (IL-6, TNF-α, and IL-1β). In this study, both the level of inflammatory cytokines and the relative mRNA expression of pro-inflammatory cytokines, including IL-6, TNF-α, and IL-1β, were evaluated by ELISA and real-time PCR, respectively. Our results show that both the cytokine level and the relative mRNA expression of IL-6 and IL-1β in the liver increased in the diabetic group compared to the control group. However, there was no significant difference between the relative mRNA expression and cytokine levels of TNF-α in the liver between the three groups. The liver IL-6 level in the diabetic group treated with metformin significantly decreased in comparison to the diabetic group. However, the relative mRNA and protein expression of TNF-α and IL-1β in the diabetic treated with metformin group did not significantly decrease when compared with the diabetic group. There was a correlation between the liver IL-6 and IL-1β mRNA and cytokine level results, with the exception of IL-6 relative mRNA expression in the diabetic treated with metformin group, which greatly decreased. It is noteworthy to mention that the inflammation in non-obese diabetics has not previously been reported. We may potentially claim that the present study is the first that has reported the inflammatory cytokine levels and gene expression in a lean model. The only comparable studies were reported in obese models. The study by Arras and colleagues showed that there was IL-6 expression in the liver, which could be a cause of insulin resistance (Apaijai et al., 2012; SchmidtArras and Rose-John, 2016; Sena et al., 2011) . Moreover, Negrin et al. reported that the expression of IL-1β increased in hepatic cells of type 2 diabetes ob/ob mice model (Calle and Fernandez, 2012; Carvalho Vidigal et al., 2012; Negrin et al., 2014) , which is similar to the findings of Hotamisligil et al. that TNF-α increased relative to obesity (Hotamisligil et al., 1995; Xue et al., 2011) . Interestingly, Kim et al. showed that metformin reduced the expression of IL-6 by repressing signal transducer and activator of transcription 3 and suppressor of cytokine signaling 3 production (Suzuki et al., 1995) . This is consistent with Araújo who found that the levels of IL-1β and TNF-α could be reduced after treatment with metformin (Nakamura et al., 1993) .
In the kidney, the mRNA expression of all cytokines in the diabetic group was not significantly different compared to the control group, whereas only the TNF-α relative mRNA expression in the diabetic treated with metformin group significantly decreased in comparison to the diabetic group. Conversely, the IL-6 level significantly increased in the diabetic group compared to the control group. However, there was no significant difference between the mRNA expression and cytokine level in the kidney between the diabetic and control groups. Although there was no difference in the level of cytokines and their relative expression, they slightly increased in comparison to the control group. Despite this study finding, there was no significant increase in the level of inflammatory cytokines, few studies have demonstrated different results. It is noteworthy, however, to point out that the other studies used obese models. The study by Suzuki et al. (1995) showed that IL-6 relative mRNA expression levels significantly increased in the kidneys of diabetic rats. Similarly, Nakamura et al. (1993) study reported that TNF-α relative mRNA expression levels significantly increased in Streptozotocin-induced diabetic rats. Additionally, Sakai and Wada (2015) reported that diabetes increased the number of IL-1β and IL-1β receptors. The present study found that metformin-treated T2DM could reduce diabetic inflammation in the kidney and decrease diabetic nephropathy.
In the brain, only IL-1β relative mRNA expression level significantly increased in the diabetic group, while it decreased in the diabetic treated with metformin group. Moreover, IL-6 and TNF-α cytokine levels increased in the diabetic group in comparison to the control group. However, the level of TNF-α significantly decreased in comparison to the diabetic group. The relative mRNA expression and cytokine level in the brain results of the diabetic treated with metformin group also slightly increased, but not significantly in comparison with the control and diabetic groups. In the diabetic treated with metformin group, the level of inflammatory cytokines slightly decreased but not significantly when compared with the diabetic group. The only information that could be retrieved online regarding brain cytokines levels was from Srodulski et al. (2014) , who reported that IL-6 and TNF-α also significantly increased in the brain tissue of the diabetic model of Sprague-Dawley rats which expresses human amylin in pancreatic β-cells.
Lastly, in the serum, only the TNF-α protein expression level significantly increased in the diabetic group and decreased in the diabetic treated with metformin group. Goyal et al. (2012) reported that TNF-α significantly increased in non-obese diabetics in comparison to their control group. The findings in the non-obese model in this study were similar to the previous studies on obese diabetic animal models and also in the human sample that there was an increase in TNF-α in serum (Afzal et al., 2017; Pickup et al., 2000) .
There were discrepancies in this study between the cytokine levels and mRNA expression in some internal organ tissues. This could be due to the complicated and varied posttranslational mechanisms involved in turning mRNA into protein, and the protein may differ substantially in their in vivo halflives or protein turnover (Greenbaum et al., 2003) . However, the mRNA expression level results were more reliable than the protein expression level because the relative mRNA expression level was evaluated by real-time PCR, which is more sensitive and specific to very small amounts of mRNA in tissue homogenate. Additionally, due to the biology of GK rats that present as nonobese and mild hyperglycemia, the severity of hyperglycemic state in GK rats could be insufficient to worsen the inflammatory processes, and hence lessen the severity of diabetic complications.
Some limitations of this study need to be addressed. It seems that small animal experiments remain essential to understand the fundamental mechanisms underlying the etiology, physiology, and pathology of diabetes. Determination of the cellular and molecular changes in organ level could possibly be performed in the animal model, whereas studying in isolated human internal organs from the patients seem to be unpractical. However, information from small animal study might be insufficient to provide an absolute conclusion on real pathophysiology of the diseases in human. Therefore, any findings from animal experiments should be validated with real clinical settings. The inflammatory cytokines measured in this study, including IL-6, TNF-α, and IL-1β, are pro-inflammatory cytokines that are usually expressed in metabolic diseases, but no specific cause of organ complications. Determination of infiltrated or accumulation of leukocytes in the internal organ tissues, by immunohistochemistry, could provide some useful information concerning the organ inflammation and should be considered for further investigation. Moreover, several organs can be affected by diabetic complications as a result of inflammation than the liver, kidney, and brain which were studied in this research. Diabetic complications can also develop in the heart, nervous system, vascular system, and in the eyes. Therefore, it is suggested that further study should determine the specific inflammation cytokines which match with complications in those particular organs, such as IL-1β and TNF-α for the eyes, and IL-1, IL-12 in the vascular system. This information could be useful both for drug development and in preventing unexpected diabetic complications.
In conclusion, this study has reported internal organ inflammation that was activated in non-obese diabetic models and decreased after treatment with metformin, which provides useful information for further investigation into other organs.
